Introduction {#s1}
============

Monkeys are highly intelligent, social, and mentally active animals that present unique hazards to animal care personnel such as biting and scratching, which both carry a high risk of zoonotic infection. During experiments, sensitivity is required to enhance both the well-being of the monkeys as well as the safety of animal care personnel. Techniques using positive reinforcement training (PRT) enhance the care and welfare of monkeys \[[@r9], [@r15]\]. Successful PRT protocols that reduce stress on monkeys and animal care personnel have been described for the collection of blood samples \[[@r4], [@r12], [@r13]\].

Here, we attempt to train monkeys to remain unrestrained during blood collection or drug administrations by building a trusting relationship between them and animal care personnel. We report the results of training using raisins and communication to improve the affinity of cymologus monkeys for animal care personnel prior to PRT.

Materials and Methods {#s2}
=====================

Animals
-------

All training procedures were reviewed and approved by the Institutional Animal Care and Use Committee of Astellas Pharma Inc., which is accredited by the Association for Assessment and Accreditation of Laboratory Animal Care (AAALAC) International.

Healthy cynomolgus monkeys (31 females and 30 males) aged 2 to 10 years were used. Monkeys were housed in stainless steel cages (630 × 650 × 1,180 mm) with a 12:12 h light-dark cycle (light on from 07:00 to 19:00 h) in a controlled temperature (25 ± 1°C) and humidity (60 ± 5%) environment in compliance with the Guide for the Care and Use of Laboratory Animals \[[@r6]\]. HEPA-filtered 100% fresh air was used with 12.1 to 22.0 changes per hour. Monkeys were fed standard laboratory food (approximately 100 g/animal/day, PS-A; Oriental Yeast, Tokyo, Japan), and tap water was available *ad libitum* during training. As environmental enrichment programs, music from a local radio station was played from 13:00 to 15:00 h, and the monkeys had access to toys such as Dumbbell, Monkey Shine Mirrors, and Kong (Bio-Serv, Frenchtown, NJ). Before training, monkeys were determined to be healthy based on general appearance, activity, and a tuberculosis skin test. All of the monkeys were serologically negative for B virus. No animals were sacrificed in the study.

Training
--------

Before training, monkeys were offered a raisin once a day at 9:00, and engaged in communication with animal care personnel at 9:00, 11:00 and 15:00. During the training program, monkeys were offered raisins at 9:00, 11:00 and 15:00, and engaged in communication with animal care personnel at 9:00, 11:00, 13:00, 15:00 and 17:00 from September 2, 2013 to January 31, 2014 (Mon-Fri). Animal care personnel provided laboratory food (PS-A) and no more than 5 raisins per day. The caloric content of 100 g of PS-A was 365.8 kcal, and that of 5 raisins was 7.3 kcal. Given that the cumulative caloric content of 5 raisins was relatively low compared to PS-A, the monkeys did not receive an excessive intake of calories. One animal care personnel implemented a training program. During the 1- to 2-min observation period, the effect of training was scored at 13:00 h, as follows: Score −1, scared to animal care personnel; Score 0, refusal to eat raisin in the presence of animal care personnel; Score 1, sampling of raisin in the presence of personnel when raisins served on grid of the cage; Score 2, acceptance of raisin from hand to hand via the upper part of the cage; Score 3, acceptance of raisin from hand to mouth via the upper part of the cage; Score 4, acceptance of raisin from hand to hand via the lower part of the cage; and Score 5, acceptance of raisin from hand to mouth via the lower part of the cage. Caution for each score is shown in [Table 1](#tbl_001){ref-type="table"}Table 1.Caution for each step of trainingCautionScore -1Educate monkeys that raisins taste goodScore 0Shorten mental distance by degrees between monkeys and animal care personnel when monkeys eat raisinsScore 1Keep animal care personnel's hands close to near the cage when offering raisins from outside of the cageScore 2Prolong time when monkeys are close to animal care personnelScore 3Offer raisins from lower region of the cageScore 4Offer raisins when in close proximity to monkey's faceScore 5Make contact with monkey's hands and face gently when they are eating raisins. Monkeys with a score of more than Scores 2 were considered to have a positive affinity for animal care personnel when performing tasks. The minimum days required for monkeys refused raisins offered directly by animal care personnel to accept raisins were calculated from observed score. Effect of training on affinity of monkeys for animal care personnel by sex group or age group of monkeys was indicated as change in score. At this time, abnormal behavior and symptoms were also recorded.

Statistical analysis
--------------------

Results are expressed as mean ± standard error of the mean (SEM). Statistical significance was analyzed using the Wilcoxon signed-rank test or the Wilcoxon rank sum test. The difference between groups was considered statically significant when *P*\<0.05.

Results {#s3}
=======

Effect of training in cynomologus monkeys
-----------------------------------------

Improved affinity of cynomolgus monkeys for animal care personnel was evaluated based on the above scores. Before training, 35 of the 61 monkeys refused raisins offered directly from animal care personnel (Score −1, 0 and 1) ([Fig. 1](#fig_001){ref-type="fig"}Fig. 1.Distribution of affinity for animal care personnel pre- and post-training in monkeys. Results are shown number of animals in each score. Monkeys with a score of more than Scores 2 were considered to have a positive affinity for animal care personnel when performing tasks.). After 151 days training, 28 of these 35 monkeys (80%) accepted raisins offered directly by animal care personnel (\>Score 2). Before training, the 26 monkeys with a positive affinity for animal care personnel had a score of 2 (n=17) or 3 (n=9). After training, these 26 monkeys had score of 4 (n=1) or 5 (n=25). Following training, the score of each monkey increased, as did the mean score for all monkeys: from 1.2 ± 0.1 to 4.3 ± 0.2 ([Fig. 2](#fig_002){ref-type="fig"}Fig. 2.Change in score during the training to improve affinity of monkeys for animal care personnel. Results are shown as score. Values are means ± SEM (n=61). Statistical significance was analyzed using the Wilcoxon signed-rank test. \*\**P*\<0.01 indicates a significant difference from the pre-training value.).

The minimum period of time required to reach Score 2 was 52.4 ± 7.9 days (n=12) for monkeys with an initial score of 0, and 22.7 ± 4.5 days (n=15) for those with an initial score of 1 ([Table 2](#tbl_002){ref-type="table"}Table 2.The minimum days required for monkeys to accept raisins offered directly by animal care personnel (Scores 2, 3, 4 and 5)SexNumberTime (days)Subjects with Score 0 pre-trainingFemale760.0 ± 12.2Male541.8 ± 7.2All1252.4 ± 7.9Subjects with Score 1 pre-trainingFemale1025.0 ± 6.3Male518.0 ± 4.4All1522.7 ± 4.5Results are shown as the minimum training period required for monkeys to reach Score 2. Values are means ± SEM. Statistical significance between female and male was analyzed using the Wilcoxon rank sum test.). The minimum period of time required for monkeys to reach Score 2 by training tended to be longer for females than for males, with 6 of the 31 females and 1 of the 30 males refusing raisin offered directly from animal care personnel even at the end of the training period. After training, female monkeys with initial score of 0 and 1 reached score 2.6 ± 0.4 and 4.4 ± 0.5, respectively ([Table 3](#tbl_003){ref-type="table"}Table 3.Effect of training on affinity of monkeys for animal care personnel by sex group of monkeysSexNumberScore\
Post-training 151 daysSubjects with Score 0 pre-trainingFemale122.6 ± 0.4Male63.7 ± 0.6\*\*Subjects with Score 1 pre-trainingFemale114.4 ± 0.5Male5All Score 5Results are shown as score. Values are means ± SEM. Statistical significance was analyzed using the Wilcoxon rank sum test. \*\**P*\<0.01 indicates a significant difference from the female monkeys value.). In contradistinction to female monkeys, male monkeys with initial score of 0 and 1 reached score 3.7 ± 0.6 and all Score 5, respectively.

The 61 monkeys were segregated into three groups based on age ranges of 2 to 3, 4 to 6, and 7 to 10 years. After 151 days training, the mean score of the 29 monkeys aged 2 to 3 years increased from 0.6 ± 0.2 to 3.8 ± 0.3 ([Table 4](#tbl_004){ref-type="table"}Table 4.Effect of training on affinity of monkeys for animal care personnel by age group of monkeysAge (years)NumberScorePre-trainingPost-training 151 days2--3290.6 ± 0.23.8 ± 0.3\*\*4--6211.9 ± 0.14.6 ± 0.2\*\*7--10111.6 ± 0.44.9 ± 0.1\*\*Results are shown as score. Values are means ± SEM. Statistical significance was analyzed using the Wilcoxon signed-rank test. \*\**P*\<0.01 indicates a significant difference from the pre-training value.). Similarly, after 151 days of training, the mean score also increased in the 21 monkeys aged 4 to 6 years and 11 monkeys aged 7 to 10 years.

Improvement of abnormal behavior and symptoms during the training
-----------------------------------------------------------------

Loose stool disappeared at an early stage of training in one animal that had frequent loose stool after arrival in our facility. Whole-body hair loss subsided after 4 months of training in another one animal. Aggressive behavior toward animal care personnel observed in 12 of the 61 monkeys was fully resolved within 2 weeks after training. Further, self-injury behavior such as self-biting with breaking the skin disappeared during 151 days training.

Discussion {#s4}
==========

PRT is reported to enhance the care and well-being of animals \[[@r1]\], and to help ease the process of obtaining blood and urine samples from rhesus macaques and chimpanzees \[[@r10], [@r13]\]. We hypothesized that animal's sex and age influence the effect of training on monkeys to have an increased affinity for animal care personnel. Here, we trained laboratory-housed cynomolgus monkeys to have an affinity for animal care personnel as a part of PRT. Our new training technique markedly improved the affinity of monkeys for animal care personnel, and the effect of this technique tended to vary by sex but not age. In addition, abnormal behavior and symptoms were improved in monkeys by this training.

As the first step, the grid of the cage was coated with raisin paste. Monkeys were then shown that the raisin they held tasted good. Crushed raisins were then given to monkeys. Training monkeys to have an affinity for animal care personnel at our facility had an 80% success rate. Despite the suspension of training for the year-end and New Year holidays from Days 117 to 125 (December 28, 2013, to January 5, 2014), scores did not decrease after this period. Therefore, this new training technique is possible to switch to intermittent training which maintain affinity for humans and enhance the welfare of animals. Our new training technique is convenient means than other technique. Thus, this training is performed by a number of animal care personnel now. These results indicate that our training technique dose improve affinity of cynomolgus monkeys for animal care personnel.

Females exhibit a higher level of ability on variety of memory tasks than males \[[@r2], [@r7], [@r8], [@r14]\]. Sex differences were observed in degree of success in training mokeys \[[@r11]\], with males being more likely to respond than females. The results of the present study are consistent with these reported elsewhere in the literatures.

To our knowledge, no studies have reported young animals requiring a longer training period than adults. Changes in score of monkeys of different age groups were evaluated to determine the effect of training on affinity between monkeys and animal care personnel. In the present study, beneficial results for training were obtained in each age group, thereby confirming that the efficacy of the new training program does not depend on the monkey's age.

In a previous study, PRT helps to reduce stereotypical behavior of monkeys in a proportion of adult female rhesus macaques housed in a research facility \[[@r5]\], and notably, PRT has also been used to reduce aggressive behavior among chimpanzees \[[@r3]\]. In addition, untrained animals tend to exhibit more self-scratching than trained animals \[[@r1]\]. These positive changes in the behavior and symptoms of monkeys indicate that PRT substantially reduces their stress levels \[[@r1]\]. In the present study, while we did observe abnormal behavior such as aggression and self-injury, such behaviors disappeared following short-term training. Further, the incidence of symptoms such as loose stool and whole-body hair loss were reduced in trained monkeys. Similarly, our novel training technique enhances the psychological well-being of monkeys and the safety of animal care personnel and researchers during handling procedures. If we use monkeys improving abnormal behavior in good health through the use of new training technique, PRT might get a good result in a short time.

In conclusion, our training improves the affinity of laboratory-housed cynomolgus monkeys for animal care personnel, with these effects tending to vary by sex but not age. In addition, our training technique improves abnormal behavior and symptoms in monkeys.
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